he frequency of arrhythmia increases with age, probably because of age-associated degenerative changes in the conduction system, as well as myocardial fibrosis. 1 Ventricular repolarization abnormality plays an important role in the occurrence of arrhythmia. The QT interval and QT dispersion (QTd), 2 of the repolarization parameters, are prolonged with increasing age, which may contribute to an increased risk of ventricular arrhythmias and cardiac mortality in elderly patients. 2 Several large prospective studies have assessed the predictive value of QTd and corrected QT interval (QTc) dispersion (QTcd) for cardiac and all-cause mortality, 3,4 and their results suggest that long QTd and QTcd are associated with cardiovascular morbidity and mortality. More recently, transmural dispersion of repolarization (TDR) has been evaluated by measuring the interval between the peak and the end of the T wave (Tpe), as well as the Tpe interval divided by the QT interval (Tpe/QT) ratio, creating 2 new repolarization parameters. 5, 6 These increased TDR-related parameters were Circulation Journal Vol. 71, January 2007 found to be associated with the occurrence of arrhythmias, such as torsades de pointes in long QT syndrome. 6 Furthermore, a cross-sectional study showed that TDR parameters increased with age. 7 Therefore, it is mandatory to determine the risk factors in the elderly that may predispose to prolongation of these repolarization parameters.
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The renin -angiotensin system (RAS) is involved in many cardiovascular diseases. Carriers of the D-allele of angiotensin-converting enzyme (ACE) insertion/deletion (I/D) polymorphism display elevated serum and cardiac ACE activity and thus may have higher RAS system activation. 8, 9 Therefore, the D-allele carriers are exposed to a higher level of angiotensin II than non-D allele carriers. Compelling studies report that the ACE D-allele is associated with myocardial infarction, sudden death and malignant ventricular arrhythmia. [10] [11] [12] Furthermore, the D-allele has been associated with QTd in hypertensive subjects or survivors of myocardial infarction. 13, 14 Angiotensinogen (AGT) M235T polymorphism is associated with plasma AGT levels that increase stepwise according to the number of T alleles present. 15 The T allele has very different distributions in Asians (70-73%) and Caucasians (10-24%). 16, 17 One study showed that homozygosity for the T allele was associated with increased risk of cardiovascular diseases, such as hypertension, coronary artery disease and myocardial infarction. 15 To our knowledge, the influence of gene polymorphisms on QTd and TDR-related parameters has not been reported in a prospective cohort. We therefore conducted a prospective study to investigate several physiological parameters in an elderly Chinese population living in Taiwan. In the present study, we proposed testing for the relationship between the magnitude of QTd, QTcd, Tpe and Tpe/QT prolongation and 2 genetic polymorphisms: ACE I/D and AGT M235T.
Methods

Patients
The subjects were from a community-based longitudinal cohort study (Gerontology Research Laboratory: The Longitudinal Study of Aging) that was designed to discover changes in several physiological functions and structures with aging in healthy elderly subjects. The working group was first initiated in 2000 and included several co-investigator physicians in the areas of chest medicine, orthopedics and cardiology. Each co-investigator physician was responsible for 1 specific examination of the elderly participants. Each participant had to be free of disease at baseline in order to be recruited into the normal aging group. Participants were invited from several senior activity centers in Kaohsiung city located in southern Taiwan. Baseline examinations were performed from October 1, 2000 to March 31, 2001 .
The screening process included 3 stages. Fig 1 shows the number of participants at each stage of screening or examination. There were 1,500 potential candidates at the beginning. After being interviewed by senior nurses using a constructed questionnaire, 694 qualified for the study. However, only 434 elderly candidates were willing to visit Kaohsiung Medical University (KMU) hospital for biochemical tests and physiological examination as the first stage. The results of the laboratory testing and chest radiography were carefully examined by 2 senior physicians and 254 cases qualified as healthy elderly and 180 did not meet the criteria. In the second stage, 221 of the 254 subjects continued to participate in the study for bone density (BMD) evaluation. The BMD evaluation excluded 7 unqualified subjects and 6 subjects were lost to follow-up. Finally, only 208 subjects participated in the third stage examinations of electrocardiography (ECG) and echocardiography. Of them, 193 cases had normal ECG and echocardiographic data and were enrolled as the cardiology study population; the remaining 15 cases did not meet the criteria. Inclusion criteria for healthy elderly subjects in the cardiology group were: (1) age ≥60 years old; (2) active, with no limitations in daily life; (3) no history of previously diagnosed diabetes, hypertension, ischemic heart disease or cerebrovascular accident, (4) no significant ECG or echocardiographic abnormality, including atrial fibrillation and myocardial infarction, and (5) not on any chronic medications. This study was approved by the Institutional Review Board, KMU Hospital. All enrolled patients gave informed consent.
Blood pressure was taken after resting comfortably for 10 min. A computerized automatic mercury-sphygmomanometer (CH-5000, Citizen, Tokyo, Japan) was used on the right arm while participants were seated. The reading was repeated and the mean of 2 readings was used as baseline data. Hypertension was defined as a systolic blood pressure ≥140 mmHg or a diastolic blood pressure ≥90 mmHg. Body weight and height were measured and body mass index (BMI) was calculated. All of the measurements were repeated every 2 years. The examinations were usually scheduled in the same month as the first visit to ensure the same interval between follow-up visits.
ECG
A standard 12-lead resting ECG was recorded at a paper speed of 25 mm/s and a gain of 10 mm/mV at baseline, and years 2 and 4. To reduce the impact of the circadian variation of QTd, the ECG examinations were completed in the morning (08.00 to 10.00 h). All ECGs, with those at the same observational stage as a pack, were manually analyzed by 1 experienced cardiologist (H.S.) who was unaware of the clinical data. Subjects with complete bundle branch block, 2nd or 3rd degree atrioventricular block, or less than 9 measurable leads on the ECG recording were excluded.
The QT was defined as the interval between the QRS onset and the end of the T wave, at the point where the isoelectric line intersected a tangential line drawn on the maximal downslope of the positive T wave. 18 QTc according to the Bazett's formula. QT and QTcd were calculated as the maximal QT and QTc minus the minimal QT and QTc interval, respectively. The interval between Tpe was measured using the V5 lead (Fig 2) . 19 Tpe/QT was calculated as the relative Tpe/QT. All of the measurements were performed as the mean of approximately 3 consecutive beats.
The prolongation of QTd was defined as QTd at years 2 and 4 minus QTd at baseline. The prolongation of each of QTcd, Tpe and Tpe/QT was calculated the same way. The left ventricle (LV) was measured by echocardiography and LV mass was calculated according to the formula of Devereux and Reichek, 20 then divided by body surface area to give the LV mass index (LVMI) used in the present study.
Extraction and Amplification of Genomic DNA
In accordance with standard methodology, genomic DNA was extracted from peripheral blood with a blood DNA kit (Puregene Gentra System, Minneapolis, MN, USA). Genomic DNA was suspended in 10 mmol/L TrisHCl and 1 mmol/L EDTA pH 8.0, and the concentrations of DNA were measured by spectrophotometry.
The ACE I/D and AGT M235 gene polymorphisms were analyzed by polymerase chain reaction as previously described in detail. 21, 22 
Statistical Analysis
All data are expressed as mean ± standard deviation. The paired t-test was used to evaluate the change in continuous variables during the 4-year follow-up. The genotypic distribution was tested by Hardy-Weinberg equilibrium. We used the ANOVA to test for overall significant differences in the baseline characteristics among the different genotypes. Pair-wise comparisons between any 2 of the 3 genotypes were tested by using the Scheffé's method. We then used multiple linear regression analysis to test for the association between gene and phenotypes with adjustment for other covariates. Our independent covariates included sex, age, BMI, the presence of hypertension and LVMI at baseline. All tests were 2-sided, and the level of significance was established as p<0.05. The Statistical Package for the Social Sciences (SPSS) 11.0 for Windows (SPSS Inc, Chicago, IL, USA) was used for statistical analysis.
Results
Clinical Characteristics
Of the 193 subjects enrolled initially, 132 completed the year 4 examinations of ECG and echocardiography (Fig 1) . One-hundred and fifteen subjects provided blood for genetic analysis but 9 of them were excluded because of uninterpretable ECG or restriction digest results for genotypes. A final total of 106 subjects were included in the current study. Table 1 summarizes the demographic information at baseline and the 2 nd and 4 th years. The subjects included 81 men and 25 women. Ages at enrollment ranged from 62 to 81 years old (mean 72.7±4.1). At the end of the 4-year follow-up, weight and height were significantly reduced. There was an increase in the LVMI (97.9±25.4 to 105.9± 29.7 g/m 2 , p=0.001) at the 3rd examination (Table 1) . No significant arrhythmia was found during the follow-up period. There were 2 and 1 subjects suffering from asymptomatic atrial and ventricular premature beats, respectively, in the 2 nd year. The ECG showed atrial and ventricular premature beat in another 2 and 1 participants, respectively, in the 4 th year.
There was no statistical significance in baseline characteristics, including sex (male, 75 vs 84%, p=0.159), age (72.7±4. 4 
ACE I/D and AGT M235T Gene Polymorphism
Among the 106 study subjects, 7 (6.6%), 42 (39.6%) and 57 (53.8%) had the ACE DD, DI and II genotypes, respec- tively; 11 (10.4%), 30 (28.3%) and 65 (61.3%) had the AGT MM, MT and TT genotypes, respectively. The genotypic distribution was in Hardy-Weinberg equilibrium for both genes. There was no significant difference among the ACE or AGT genotypes regarding baseline age, BMI, systolic and diastolic blood pressures, and LVMI (Tables 2,3 ).
The ACE genotypes were only associated with QTcd at baseline (p=0.043) but not with QTcd in years 2 and 4, QTd at baseline and years 2 and 4, or QTc at baseline and years 2 and 4. The AGT genotypes did not correlate with these variables. Neither ACE nor AGT gene polymorphism correlated with Tpe and Tpe/QT at baseline or years 2 and 4. 
ECG Data
The QTc interval, QTd, QTcd Tpe and Tpe/QT increased during the follow-up period ( Table 1 ). The increase in both QTd and QTcd at year 2, as well as at year 4, was proportional to the number of D alleles, which suggests a potential dose effect ( Table 2 ). The magnitude of the QTd prolongation was significantly higher in subjects with the ACE D-allele than in those who were non D-allele carriers at both year 2 (p=0.0003) and 4 (p=0.001). The prolongation of QTcd between baseline and the follow-up period also demonstrated the same pattern (p values =0.0002 and 0.002 at year 2 and year 4, respectively). For the AGT polymorphism, we did not find any association between genotypes and QT variables at baseline, or years 2 and 4. The prolongation of the QTd variables was not related to AGT genotypes (Table 3 ). The Tpe and Tpe/QT increases were not related to either ACE or AGT genotype.
Multivariate linear regression analysis in which ACE polymorphism, gender, age, BMI, the presence of hypertension and LVMI at baseline were included showed that the ACE I/D polymorphism was the only significant determinant (p<0.001) for the magnitude of QTd prolongation at either year 2 or 4 (Table 4) . Therefore, only ACE I/D polymorphism (p≤0.001) could significantly predict the magnitude of QTcd prolongation at both years 2 and 4.
Discussion
The primary finding of this 4-year longitudinal study was that ACE I/D polymorphism was associated with prolongation of QT and QTcd. We have found that the aging process was associated with prolongation of the QTc interval, QTd and QTcd in healthy elderly subjects. 23 We also found that those subjects carrying the ACE D-allele had a higher magnitude of QTd and QTcd prolongation. Furthermore, our data indicate that the D allele may have a dose effect on the increase of QT and QTcd.
The QT interval prolongs with increasing age, which may partially explain the increased risk of ventricular arrhythmias and cardiac mortality in the elderly population. 2 Several large prospective studies have reported that QTd and QTcd are determinants for cardiac and all-cause mortality. 3, 4 Previous cross-sectional studies have not been able to reach a conclusion regarding whether age is a risk for QTd. 2, 14, [24] [25] [26] [27] These inconsistent findings may be related to the limitations of cross-sectional studies. Our prospective study may be less subject to ascertainment bias than cross-sectional studies. In addition, we investigated elderly subjects, who may be more likely to be predisposed to QT parameters alternation during follow-up than young subjects. Therefore, our data are more reliable for evaluating the effect of ageing on the QTc interval and QTd.
Changes in QTd have been shown to follow the spontaneous or induced dynamicity of the pathological process in some cardiac diseases. Several factors have been demonstrated to cause prolongation of QT parameters; for example, age, medications and myocardial ischemia have been reported as risk factors. 18, 28 Age is strongly related to degenerative changes in the conduction system, as well as to myocardial fibrosis, both of which lead to QT prolongation. In addition, LVMI and LV hypertrophy (LVH) were associated with a change in the QT interval and QTd in previous large cross-sectional study. 29 In the present study, none of the subjects had organic heart disease or was on chronic medications, which would have influenced the QT variables. Our analysis also indicated that age and LVMI were not independent predictors for the magnitude of QTd and QTcd prolongation. There must be something else contributing to the changes in these QT variables.
ACE genotypes were reported to be associated with increased QTd in previous cross-sectional studies. 13, 14 Histopathologic evaluation reveals a maladaptive remodeling of the interstitium associated with ageing, resulting in an increase in patchy myocardial fibrosis and cardiac hypertrophy. 30 The ACE D-allele was associated with an elevation of serum propeptide type I C-terminal procollagen concentration, a marker of myocardial fibrosis, possibly leading to myocardial fibrosis and increased QTd 29 Subjects carrying the ACE D-allele have a higher risk for developing LVH. 31 The myocyte hypertrophy may be associated with a significant prolongation of the transmembrane action potential, which provides an explanation for the prolongation of the QT variables with ageing. 32 We have found that the aging process is associated with an increase of the LVMI and changes of cardiac geometry in the healthy elderly. Furthermore, the magnitude of the LVMI increase was significantly higher in subjects carrying the ACE D-allele than in the non-D-allele carriers (unpubl. data). Kuznetsova et al have also reported that LVM is related to ACE I/D polymorphism. 33 Their data are consistent with the present findings of changes of the QT variables in the different ACE genotypes and partially explain why the ACE D-allele carriers had higher magnitude of QTd and QTcd prolongation.
In the present study, the ACE genotype was not significantly associated with QTd at baseline. We also found there was no difference in the baseline clinical characteristics among the different ACE genotypes. The possible explanation for this observation is that prolongation of QTd and its association with the ACE genotype are frequently observed in a diseased heart with LV dilatation, hypertrophy, or infarction. All of the present subjects underwent thorough examination and were free of organic heart disease. The lack of an association between ACE genotype and QTd in healthy subjects who are free from cardiovascular diseases same findings was also reported by Jeron et al. 14 Another explanation is that our ascertainment scheme only allowed active, independent elderly people to be eligible for enrollment. Therefore, if the D allele is a deleterious factor, we would overascertain healthy D-allele carriers at baseline. In fact, there are several reports that the D allele is related to cardiovascular diseases. [10] [11] [12] [13] [14] Therefore, our present study results showed that the D-allele carriers had a larger increase of dispersion, but without longer QT variables at baseline. The other possible explanation is the small sample size.
Regarding the AGT M235T polymorphism, although it has been reported to be associated with plasma AGT, hypertension, cardiac hypertrophy and coronary artery disease, 15, 22 limited reports have discussed its relationship with arrhythmia. 34 Recently, Raizada et al reported no association of AGT M235T polymorphism with QT parameters among patients with end stage renal disease, based on a cross-sectional study. 35 Although the T allele has been reported to be associated with cardiac structural change and atrial arrhythmia in Chinese, we did not find a link between QT parameters and AGT M235T polymorphism. In addition, the effect of AGT M235T polymorphism on cardiac AGT concentration is unclear, despite its association with plasma AGT levels. The lack of association in present study may be attributed to the small sample size or short duration of follow-up. For the TDR-related parameters, investigations of other genotypes, such as the KCNQ1 polymorphism suggested by Ozawa et al, may further clarify the genetic effect of these parameters in this longitudinal cohort. 7 
Study Limitations
There are 3 limitations in this study. First, 87 (45%) patients were lost to follow-up in the overall cohort. However, we found that there was no statistical significance in the baseline characteristics, including age, sex, height, weight, BMI, LVMI, systolic and diastolic blood pressures, between the those who did or did not complete the 4-year follow-up. Because these 87 subjects were excluded from our analysis at the beginning, our results should not be biased by the loss to follow-up. Second, the QT variables are influenced by many factors, such as electrolytes and autonomic tone. Because potassium level was not measured, we cannot discuss its influence on the QT variables. In this study all participants had 8 h of fasting before blood sam-pling between 08.00-09.00 h and normal renal function, which might reduce the fluctuation of potassium levels. Physical training could improve QTcd, possibly by improving the autonomic nerve system. 36 Our elderly subjects had only light daily activity and 10 min rest before all examinations, which would lower the influence of autonomic tone change on the QT variables. Third, we had a relatively small sample size and only studied 2 genes, which may not provide enough power to investigate genes with minor effects. The limited sample size also restricted our explore of any gene -gene interactions. Although our findings are potentially intriguing, the result needs to be replicated for confirmation.
In conclusion, this longitudinal study disclosed an association between ACE I/D polymorphism and the magnitude of QT and QTcd prolongation in an elderly Chinese cohort. However, the AGT M235T polymorphism did not have a significant association with the phenotypes of interest. Further studies to replicate our results are mandatory.
